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0 l^ser engraver with X-Y assembly and cut control. 



0 The present invention provides a laser engraver 
for engraving a pattern on a workpiece. The pattern 
is established on the workpiece by using a X-Y 
assembly(32a,32b) to move a laser beam in two 
dimensions relative to the worl<piece. The X-Y as- 
sembly employs a X proportlonal-integral-differential 
(PID) controller (34a) and a PID (34b) to generate 
control signals for moving the X-Y assembly. The 
PiDs generate the control signal t>ased upon the 
current position of the laser beam and a target 
position for the laser beam. The cun-ent position is 



provided by encoders (36a,38b) operatively attached 
to motors (38a.38b) that, in turn, move mirrors 
(44a,44b) that direct the laser beam to the woric- 
piece. The depth of cut is. preferably, controlied by 
using the Integral of the difference between the 
position of the laser beam as It is moved by the X-Y 
assembly and a reference position. Alternatively, 
proportional control based upon the absolute dif- 
ference between the position of the laser as it is 
moved by the X-Y assembly and the reference posi- 
tion can be utilized. 
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Tho present Invention relates to an apparatus 
and method for laser engraving. 

Presently, laser engravers employ two methods 
to move a laser beam relative to a workplece in 
order to establish a pattern thereon. The first meth- 
od is known as the raster scan method. In the 
raster scan method a laser beam having a defined 
width is hortzontaliy swept across the workplece. 
As the laser beam is horizontally swept aooss the 
workpiece it is also modulated to estabiish the 
pattern or a portion thereof on the workpiece. Fol- 
lowing the completion of a horizontal sweep the 
laser beam is moved vertically relative to the work- 
piece by an incremental distance, typically the 
width of the laser beam, thereby positioning the 
laser beam for another horizontal sweep. The pro- 
cess of moving the laser beam horizontally and 
then verttoally relath^ to the -workplece is repeated 
until the entire pattern is established on the work- 
piece. Exemplary of an apparatus that Implements 
the raster scan method is U.S. Patent No. 
4,354.196. Issued on October 12. 1982. to 
Neumann at al.. for a "Laser Bigraving System 
with Massive Base Table and Synchronization Con- 
trols''. In Neumann et al, a mirror Is rotated at a 
constant angular velocity to horizontally sweep the 
laser beam. Vertical movement of the laser beam 
relattve to the worlcpiece is accomplished by mov- 
ing the carriage on which the workpiece Is located. 

The primary drawback associated with laser 
engravers that Implement the raster scan method Is 
that the time required to process a workpiece is a 
function of the area encompassed by the pattern 
and not the area of the pattern to be established on 
the workpiece. For example, suppose that the pat- 
tern to be engraved on a workplece is an outline of 
a square having sides that are one foot In length 
and one inch wide. A raster scan laser engraver 
would have to move the laser beam over the entire 
one square foot of surface area encompassed by 
the outline of the square In order to establish the 
outfine of the square on a workpiece. In contrast 
the actual area engraved is approximately a third of 
a square foot Consequently, laser engravers that 
implement the raster scan method are relatively 
inefficient in applications where the area encom- 
passed by the pattem Is relatively large in compari- 
son to the area of the pattem Itself. 

The second method presently used to move a 
laser beam relative to a workplace In order to 
establl^ a p^m thereon is characterized by the 
use of a high-perfbmnance galvanometer driven 
minror assembly in combination with a diverging 
lens. The galvanometer driven min'or assembly 
typically Includes a minror suspended from a glm- 
bal which permits the minror to be rotated In any 
direction. One or more solenoids are used to rotate 
the mirror with respect to the gimbal. High perfor- 



mance is achieved In a galvanometer driven mirror 
assembly by rsstrlcting the degree to which the 
solenoids can rotate the minror. However, restricting 
the degree to which the solenoids can rotate the 

5 minor also restricts the area over which the beam 
can be moved for a given separation t)etween the 
minror and the workpiece. In order to expand the 
area over which the beam can be moved the 
afbrementkmed diveiging lens is interposed be- 

10 tween the minror and the workpiece to expand or 
amplify the area over which the beam can be 
applied. A pattem Is established on a virorkpiece by 
directing a laser beam to the minror and rotating 
the mirror by an amount which takes into account 

76 the ampGfication caused by the diverging lens. 

There are several drawbacks associated with 
laser engravers that employ a high-performance 
galvanometer driven mInxNr In oonjunctkin with a 
diverging lens. IMamely. such laser engravers are 

20 very sensittve to angular enrors in the positioning of 
the minor. In other words, a small angular enror In 
tt)e position of the mirror produces a relatively 
large enror in the positioning of the laser beam on 
the workpiece due to, among other things, the 

26 amplification of the diverging lens. Concomitantiy, 
the amplification of the diverging lens is dependent 
upon the distance between the minor and the 
workpiece. Hence, such laser engravers are also 
sensitive to the distance separating the mirror and 

30 the workpiece. Further, ti>e amplification provided 
by ttie diverging lens Is directiy related to Its diam- 
eter which is. in tum, directiy related to its ex- 
pense. Consequentiy, applications that require a 
relatively large diverging lens In order to establish 

36 a pattem on a workplece are prohibitively expen- 
sive. 

Alternatively, a high performance, motor driven, 
single or muKi-lens focus assembly can be com- 
bined witti two gahmnometer driven mirrors. In op- 

40 oration the galvanometer driver minors are rotated 
to position the laser beam on the workplece. Such 
laser engravers are also expensive, and sensitive to 
relatively small enrors in the angular position of ttie 
minror and the distance between the minor and ttie 

46 workplece. 

Anottier consideration witfi respect to laser en- 
gravers Is the ability to control ttie deptti of ttie cut 
made In the workplece by ttie laser beam. TTie 
deptti of ttie cut is directiy related to the power of 

60 ttie laser beam and the speed wItti which the laser 
beam is being moved relative to ttie workpiece. For 
example, if the power of ttie laser beam is constant 
and the laser beam is being moved at a constant 
speed relative to the workpiece tiien a cut having a 

65 constant deptti will be produced. The deptti of ttie 
cut can be varied by varying ttie power of the laser 
beam and/or the speed with' which ttie laser beam 
Is being moved relative to the workplece. 
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One method of producing a cut with a constant 
depth In laser engrasrers employing the raster scan 
method is to limit variations In the speed at which 
the laser beam is moved to points e)cterlor to the 
workpiece and to maintain both the power of the 
laser beam and its rate of travel relative to the 
workpiece at constant levels while It is passing over 
the workpiece. More specifically, the laser beam Is 
positioned a suffldent distance from the edge of 
the workpiece to allow acceleration of the laser 
beam to a constant velocity while it is still exterior 
to the workpiece. Consequently, once the laser 
beam engages the workpiece It Is moving at a 
substantially constant velocity. By maintaining both 
the power of the laser beam and the speed of laser 
beam at constant levels a cut having a constant 
depth can be produced. Once the laser beam 
leaves the workpiece. its speed is reduced so that 
a return sweep can be made in the opposite dlreo- 
tion. A drawback associated with maintaining a 
constant depth of cut In this fashion Is the time, 
and hence the Inefficiency, associated with accel- 
erating and decelerating the laser beam when it Is 
exterior to the workpiece. Another drawback asso- 
ciated wHh the aforementioned method Is that it 
does not alkiw the depth of cut or cut profile to be 
varied. For instance, the aforementioned method 
cannot produce cuts having different constant 
depths. Further, the aforementioned method cannot 
produce a cut that Is. for Instance, Initially shallow 
and becomes progressively deeper. 

Another method for maintaining a constant 
depth of cut In laser engravers employing the ras- 
ter scanning method is suggested by the apparatus 
for producing a uniform exposure of a medium on 
which an artwork master for a circuit board is to be 
established in the patent to Neumann, et al. in 
l^umann, the beam Is swept across the workpiece 
by rotating a mirror at a constant angular vek)city. 
As the beam Is swept across tho workpiece its 
horizontal velocity varies thereby producing a non- 
uniform exposure. The variation In the horizontal 
velocity of the beam is attributable to. among other 
things, the angular velocity of the mirror, the shape 
of the workpiece (typically planar) and the distance 
separating the minror and the wortcplece. In order to 
produce a unlfbnn exposure the variation in the 
horizontal velocity of the beam is compensated for 
by modulating the power or intensity of the laser 
beam with a signal that is proportional to the horl* 
zontal velocity of the beam. Such a signal Is pro- 
duced by a phase comparator that Is, in turn, part 
of a phase-locked loop that Is used to compensate 
for positional errors that are attributable to, among 
other things, the aforementioned variation in the 
velocity of the beam. Based on the foregoing such 
an apparatus for pnxiucing a unlfbnn exposure Is 
sensitive to. among other tilings, ttie distance sepa- 



rating tiie minror and the workpiece. Further, such 
an apparatus is not capable of varying tiie expo- 
sure. Additionally, such an apparatus Is. typically, 
complicated, difficult to implement, and expensive. 

6 In laser engravers tiiat emptoy a galvanometer 
driven mlnx>r In combination witii ^ther a diverging 
lens or a motor-driven multi-lens focus assembly 
maintaining a constant depth of cut Is generally not 
a problem due to the responsiveness of such sys* 

10 tems. More specifically, the relatively high accel- 
eration and deceleration of ttie galvanometer driven 
minror results in tiie laser beam being brought up 
to speed relatively quickly. Consequentiy, a con- 
stant depti) of cut can be achieved In such an 

T6 engraver by simply maintaining the power of the 
laser beam at a constant level during the cutting of 
a pattern In a woricplece. Such apparatuses are not, 
however, capable of varying tiie deptti of cut Fu^ 
tiier. the afbrementioned drawbacks assodaled 

20 witii laser engravers tiiat emptoy a galvanometer 
driven mirror In conjunction with a diverging lens or 
motor-driven multi-lens focus assembly on tiie 
whole render such engravers undesirable for cer- 
tain applications. 

25 Based on the foregoing there exists a need for 
a laser engraver that can move the laser i^am 
relative to the wori<piece and control ttie deptti of 
cut in a timely and efficient manner. Moreover, 
tiiere exists a need for a laser engraver tttat is 

so relatively Insensitive to errors In the positioning of 
the laser beam or tiie woricplece. Inexpensive to 
implement and reliable. 

The laser engraver of tiie present Invention 
Includes a laser for providing a laser beam to use 

35 In engraving a woricplece. The laser engraver fur- 
ther Includes an apparatus for providing pattern 
data tiiat defines ttie pattern to be engraved on the 
workpiece. The pattern data, preferably, includes 
one or more data sets which specify ttie Indhridual 

40 movements of the laser beam that are necessary to 
establish ttie pattern on ttie woricplece. Preferably, 
each data set defines an Individual movement of 
tiie laser beam In ternis of tiie relative displace- 
ments that are necessary to move the laser beam 

45 from a starting position to a target position In each 
of two dimensions. In tiie prefenred embodiment, a 
data set Includes a relative displacement along a 
X-«xis and a relative displacement along a Y-B)ds. 
The prefenred laser engraver furttier Includes an X- 

60 Y assembly comprising a X-devIce and a Y-device 
for lineariy displacing or ttie laser beam along, 
respectively, ttie X-axis and ttie Y-axis according to 
the relative displacements specified in the data set 
Linear displacement or movement of the laser 

S5 beam using ttie x-y assembly avoids most, if not 
all. of ttie drawbacks associated wttti laser engrav- 
ers tiiat employ galvanometer driven mirrors tiiat 
are rotated In order to po^on ttie laser beam. The 
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X*device includes a proportional-integrBl-dlfferential 
(PID) controller that generates a X-control signal 
based upon the cun^ent position of the laser beam 
along the X-axis and the target position for the 
laser beam along the X-axis. The current position 
of the laser beam along the X-axIs is provided to 
the PID by an encoder that is operatively attached 
to a motor which drives a caniage along the X-axis. 
The control signal produced by the PID Is applied 
to the motor which, in turn, drives the carriage 
linearly along the x-axis toward the target position. 
Operatively connected to the carriage is a mirror 
which directs the laser beam toward the workpiece. 
The Y-device includes substantially the same com- 
ponents and functions in substantially the same 
manner as the X-device. The PIDs produce control 
signals that are designed to operate within certain 
physical constraints imposed by the motor and 
carriage structures. Consequently, the speed with 
which the laser beam is moved relative to the 
worlcpiece varies. More specifically, at the onset of 
a movement between a starting position and a 
target position the PIDs operate such that the 
speed with which the laser beam is moved relative 
to the workpiece gradually Increases until a defined 
maximum , velocity is attained. Conversely, upon 
approaching the target position the PIDs operate to 
gradually reduce the speed with which the laser 
beam Is moving relative to the workpiece. 

The laser engraver further includes a cut con- 
trol apparatus that controls the depth of cut made 
by the laser beam. The cut control apparatus op- 
erates to produce a constant depth of cut by mod- 
ulating the power of the laser beam in accordance 
with the variation in speed with which the laser 
beam is being moved by the X-Y device and, in 
particular the PIDs. Consequently, when the speed 
of the laser beam increases the cut control appara- 
tus increases the power of the laser beam and 
when the speed of the laser beam decreases the 
cut control apparatus decreases power of the laser 
beam. Specifically, the cut control apparatus modu- 
lates the power of the laser beam based upon the 
difference between the current position of the laser 
beam, as it Is moved from the starting position to 
the target position, and a reference position. The 
reference position is, preferably, defined such that 
the difference between the current position of the 
laser beam and the reference position Is zero when 
the current position corresponds to the reference 
position. 

In a preferred emtx>diment of the cut control 
apparatus the integral of the difference t>etween the 
cuH'ent position of the laser beam and the refer- 
ence position, relative to a major axis, is used to 
control the power of the laser beam. The major 
axis is the axis over which the greater displace- 
ment of the laser beam occurs during a movement 



between a starting position and target position. The 
reference position Is, preferably, defined to be the 
mid-point between the starting and targiet positions 
along the major axis to produce a cut of constant 

5 depth, in this situation the integral of the difference 
gradually increases until the reference position is 
reached and then gradually decreases upon ap- 
proaching the target position. The gradual increase 
and decrease in the integral correspond, at least in 

TO part, to the gradual increase and decrease in the 
speed of the laser beam as defined by the PIDs. 
Consequently, the integral is used to modulate the 
power of the laser beam substantially in accor- 
dance with the speed of the laser beam thereby 

16 producing a cut of constant depth. 

In another embodiment of the cut control ap- 
paratus the absolute magnitude of the difference 
between the cunrent position and the reference 
position, relative to a major axis, is used to control 

20 the power of the laser, in order to produce a 
constant depth of cut the reference position is 
defined to be the starting position until the laser 
beam passes the mid-point between the starting 
and target positions along the major axis. In this 

26 situation the absolute magnitude of the difference 
between the current position of the laser beam and 
the reference position gradually Increases over 
time. After the laser beam passes the mid-point 
along the major axis the target position is estab- 

30 lished as the reference position. The absolute mag- 
nitude of the difference between the cunent posi- 
tion and the target position, in contrast decreases 
over time. The gradual increase and decrease in 
the absolute magnitudes of the differences bo- 
ss tween current position and. respectively, the start- 
ing and target positions relative to the main axis 
correspond, at least in part, to the gradual increase 
and decrease In the speed of the laser beam as 
defined by the PIDs. Consequently, the absolute 

40 magnitude of these differences is used to modulate 
the power of the laser beam substantially in accor- 
dance with the speed of the laser beam thereby 
producing a cut of constant depth. 

Preferably, the cut control apparatus is also 

45 capable of scaling the modulation signal provided 
to the laser beam such that cuts of different con- 
stant depths or dynamically varying cuts are pro- 
duced. 

Rg. 1 is a block diagram of the prefen-ed 
50 embodiment of the invention; 

Rg. 2 is a flow chart of the prefenred method 
for implementing the present invention; 

Rg. 3A is a graph of the velocity of the 
speed of the laser beam with respect to time; 
55 Rg. 3B is a graph of the position of laser 

beam relative to a set position and with respect to 
time; 

Rg. 3C Is a graph of the en^or or difference 
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between tfie position of the laser beam and the set 
position with respect to time; 

Rg. 3D Is a graph of the Integral of the en-or 
or difference between the position of one of the 
carriages and the set position with respect to time; 

Rgs. 4A-4D illustrate the pulse width modu- 
lated control signal output by the position integrator 
to control the power or intensity of the laser beam 
at various pdnts in time; 

Rg. 5 is a blocic diagram of an attematiye 
embodiment of the Invention that utilizes propor- 
tional control to control the depth of cut 

Rg. 6 is a flow chart of the method for 
implementing the alternative embodiment of the 
Invention; 

Rg. 7A is a graph of the velocity of the laser 
beam with respect to time for the alternative em- 
bodiment of the invention; 

Rg. 7B is a graph of the position of the laser 
beam relative to a set position and with respect to 
time for tiie alternative embodiment of the inven- 
tion; 

Rg. 7C is a graph of the en^or or difference 
between the position of the laser beam and the set 
position over time for the altemative embodiment of 
the invention. 

Rg. 8A iUustrates a pulse widtii modulated 
laser control signal for a laser beam moving at a 
constant velocity and producing a cut of constant 
depth; 

Rg. 8B illustrates a triangularly shaped scal- 
ing function fbr producing a cut having a triangular 
profile; 

Rg. 8C Illustrates the pulse widtii modulated 
laser control signal produced by a cut control de- 
vice to achieve a cut witii ttie triangular profile; and 
Rg. 8D shows a wortcpieoe having a triangu- 
lar cut profile tfiat corresponds to the triangularly 
shaped scaling function. 

Wltii reference to Rg. 1, a laser engraver 20 is 
illustrated. The laser engrHver 20 includes a laser 
22 fbr providing a laser beam 24 that can be used 
to engrave a workplace. 

The laser engraver 20 further includes an input 
device 26 for providing pattern data to a computer. 
Preferably, ttie input device 26 Is a disk drive that 
can. in addition to communicating the pattern data 
to the computer, also provide permanent storage 
for the data. The input device 26 could also be a 
kaytward, a Joysticic, a light pen, a tape drive, a 
local area networtc (LAN) device or any ottier de- 
vice capable of providing ttie pattem data to tiie 
computer. The pattern data Is comprised of one or 
more sets of two-dimensional coordinate informa- 
tion ttiat specify the movement or movements of 
the laser beam 24 that are necessary to establish a 
pattem on ttie woricpiece. Preferably, a set of two- 
dimensional coordinate information specifies the 



displacements atong a X-axis and a Y-axis relative 
to a starting position. For example, suppose a 
pattem data file includes the following two sets of 
two-dimensional coordinate Infomnation: (2.2) and 

5 (2.-3). Movement of the laser beam 24 according to 
ttie first set of two^imenslonal coordinate Informa- 
tion would result in ttie laser beam 24 being moved 
from Its present or starting position to a target 
posftkm two unKs furttier along ttie X-Ms and two 

10 units furttier along ttie Y-axis. Similarly, movement 
of ttie laser beam 24 according to tiie second set 
of two-dimensional coordinate Infomnation wouM 
move ttie laser beam 24 from ttie starting position 
established by ttie first set to a target position two 

15 units further along the X-axis and negative three 
units further along the Y-axis. 

The laser engraver 20 furtiier Includes a com- 
puter 28 for contrdiing a X-Y device ttial moves 
ttie laser beam 24, according to the pattern data 

20 provided by the input device 26 and infonriation 
provided by a user on a user interface 27, and a 
cut control device ttiat controls ttie deptfi of the cut 
made by ttie laser beam 24 during the movements 
specified by ttie pattem data. 

25 Also included In the laser engraver 20 is an X- 
Y device 30 for moving ttie laser beam 24 accord- 
ing to infbrmatton provided by ttie computer 28. 
The X-Y device 30 Inckides a X-^pparatus 32a for 
moving ttie laser beam 24 along ttie X-axis and a 

30 Y-apparatus 32b for simultaneously moving the la- 
ser beam 24 along the Y-axis. 

The X-apparatU8 32a includes a X-propoitionai- 
Integral-differential controller 34a, hereinafter re- 
ferred to as X-PID 34a, for generating a X-contrd 

SB Signal based upon the cunrent and target positions 
of ttie laser beam 24 along ttie X-axis. Specifically, 
ttie computer 28. upon processing a set of two- 
dimensional coordinate infdnmation. initiates the re- 
quired linear displacement of the laser beam 24 

40 along the X-axis by providing the X-PID 34a witii a 
target position along the X-axis. For example, if tiie 
computer 28 Is processing the aforementioned sec- 
ond set l.e. (2,-3). tiien it would provide ttie X-PID 
34a with ttie appropriate information for linearly 

45 displacing ttie laser beam 24 two units along ttie X- 
axis. The cunrent position of ttie laser beam 24 
atong the X-axis during a movement from a starting 
position to a target position Is provided to the X- 
PID 34a by a X-encoder 36a ttiat is operatfvely 

GO connected to a X-motor 38a. Based upon ttie cur- 
rent and target positions of ttie laser beam 24 
along ttie X-axIs ttie X-PID 34a generates a X- 
controi signal that is Bmpllfied by a X-amplifier 40a 
and ttien applied to ttie X-motor 38a. The X-motor 

55 38a, in turn, causes a X-caniage 42a to linearly 
displace a X-mlnx>r 44a toward ttie target position 
along the X-axis. The X-mlrror 44a is positioned 
such that It receivea the laser beam 24 produced 
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by the laser 22 and directs it toward the workplece. 

The Y-apparatus 32b includes a Y-proportiona)- 
integral-differential controller 34b. hereinafter re- 
ferred to as X-PID 34b. for generating a Y-control 
signal based upon the cunBnt and target positions 
of the laser beam 24 along the Y-axIs. Specifically, 
the computer 28. upon processing a set of two- 
dimensional coordinate infomnalion. initiates the re- 
quired movement of the laser beam 24 along the 
Y-axis by providing the Y-PID 34b with a target 
position along the Y-axis. For example, if the com- 
puter 28 is processing the aforementioned second 
set l.e. (2.-3). then It would provide the Y-PID 34b 
with the appropriate Information for linearly displac- 
ing the laser beam 24 negative three units along 
the Y-axIs. The cunrent po^on of the laser beam 
24 along the Y-axIs during a movement from a 
starting position to a target position is provided to 
the Y-PlD 34b by a Y-encoder 36b that Is oper- 
ativeiy oonnected to a Y-motor 38b. Based upon 
the cunent and target positions of the laser beam 
24 along the Y-a)ds the Y-PID 34b generates a Y- 
control signal that is amplified by a Y-ampnfier 40b 
and then appRed to the Y-motor 38b. The Y-motor 
38b. in turn, causes a Y-caniage 42b to linearly 
displace a Y-minror 44b toward the target position 
along the Y-axis. The Ynnlnror 44b is located such 
that it receives the laser beam 24 and directs it 
toward the worlcpiece. 

TTie X-PlD 34a and the Y-PID 34b generate 
control signals that are designed to work within 
certain physical constraints of the X-apparatus 32a 
and the Y-apparatus 32b such as the ability of the 
motors to start and stop the movement of the 
carriages. Consequently, when the laser beam 24 
is moved from a starting position to a target posi- 
tion the X-PID 34a and the Y-PID 34b produce 
control ^gnals that result In a gradual increase In 
the speed of the laser beam at the onset of the 
movement and a gradual decrease in the speed of 
the laser beam toward the end of the movement 
For example, suppose the laser beam is located at 
a starting position defined by the aforementioned 
first set, i.e. (2,2), and the laser beam 24 Is to be 
moved according to the second set l.e. (2.-3). 
Initially, the X-PID 34a and the Y-PID 34b, based 
upon the target position as defined by the second 
set and the cunent position. Initially the starting 
position, produce control signals that gradually in- 
crease the speed of tite laser bearn 24. The control 
signals produced by tiie X-PID 34a and Y-PID 34b 
continue to Increase the speed of the laser t>eam 
until a defined maximum velocity is reached. As 
the cunrent position of ttie laser beam 24 ap- 
proaches tile target position, as defined by the 
second set. tiie X-PID 34a and the Y-PID 34b 
generate control signals that gradually reduce the 
speed of the laser beam 24. Consequently, due to 



tiie operation of X-PID 34a and Y-PID 34b the 
velocity of the laser beam 24 varies for consider- 
able distances over the worlcpiece thereby render- 
ing such a laser engraver susceptible to variations 

5 In tiie depth of cut pnxiuoed by the laser beam 24. 
The X-PID 34a and ttie Y-PID 348 are pro- 
grammed by the computer 28. based on infonma- 
tion provided by the user, to produce X and Y 
control signals, respectively, that define ttie rate at 

TO which tiie speed of tiie laser beam 24 increases up 
to ttie defined maximum speed (acceleration) and 
tiie rate at which the speed of the laser beam 24 
decreases (deceleration) from the defined maxi- 
mum speed or lesser value. 

15 The laser engraver 20 further includes a cut 
control device 46 for generating a laser control 
signal based upon the difference between the cur- 
rent position of the laser beam 24 and a reference 
position. The laser control signal determines the 

20 power in tiie laser beam produced by ttie laser 22 
and, hence, tiie deptti of cut established in a work- 
piece. The cut control device 46 preferably In- 
cludes a position integrator 48 that Integrates One 
difference between ttie cunrent po^on of tiie laser 

25 beam 24 and a reference position witii respect to a 
major axis for each movement of the laser beam 
24 between a starting position and a target position 
as defined by a data set The msjor axis is tiie axis 
over which the greater absolute displacement of 

30 tiie laser beam 24 occurs during a movement be- 
tween a starting position and a target position. For 
example, the msjor axis of the aforementioned sec- 
ond set i.e. (2.-3). Is the Y-axis, Preferably, the 
computer 28 determines the tnalor axis of move- 

36 ment between tiie starting and tiie target positions 
by comparing the absolute values of the relative 
displacements along tiie X and Y axes as specified 
in a set of two-dimensional coordinate Infonmation. 
The computer 28 also defines a reference position 

40 relative to tiie major axis and communicates it to 
tiie position Integrator 4a Furttiermore. the com- 
puter 28 directs an enccxier multiplexer 50 to pro- 
vide tiie cunent position of tiie laser beam 24 
relative to tiie major axis, as defined by either the 

45 X-encoder 36a or the Y-encoder 36b. to ttie posi- 
tion Integrator 48. The Integral of ttie differonce 
between tiie current position of the laser beam 24 
and tiie reference position is used to pulse widtii 
modulate a laser control signal accordlngly. The 

50 pulse widtii modulated laser control signal, In turn, 
defines tiie power of ttie laser beam 24. 

To produce a cut of constant depth relative to 
the major axis of movement the position integrator 
48 must be pro^dded wltti information that allows it 

55 to properly control tiie power of ttie laser beam 24 
during tiie periods of time when ttie laser beam 24 
Is being accelerated, at ttie defined maximum 
speed, and being decelerated. Specifically, infor- 
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mation must be provided to the position Integrator 
48 that defines the point in time at whidi the 
defined maximum speed of the laser beam 24 is 
attained. It is at this point In time that the laser 
control signal and, hence, the power of the laser 
beam, should also reach a maximum. If this were 
not so. then a cut of constant depth relative to the 
mcjor axis of movement would not be produced. 
For instance. If the maximum power of the laser 
beam 24 Is reached befora the laser beam 24 
reaches the defined maximum velocity, then the 
cut produced prior to reachirig the defined maxi- 
mum velocity will be deeper than the cut produced 
at the defined maximum velodty. Consequently, 
when the computer 28 defines the rate at which the 
laser k>eam 24 accelerates and decelerates to the 
PID associated with the major axis of movement, it 
also provides the position integrator 48 with in- 
fbnmatlon that defines tfie point in time at which the 
laser beam 24 reaches its maximum velodty rela- 
tive to the midor axis of movement In addition, the 
computer 28 provides the position Integrator 48 
with a maximum laser power parameter. The lasor 
power parameter can be either a user selected 
value or a default value. The position Integrator 48 
can then uses whatever power level has been 
defined together with the information concerning 
the point at which the laser beam reaches Its 
maximum velocity to properly control the power of 
the laser beam during the periods of time when the 
laser beam 24 is accelerated, moving at a constant 
velocity and decelerating. 

Preferably, the computer 28 also provides the 
position integrator 48 with a scaling function, de- 
fined by the user, that is used to modulate the 
laser control signal input to the laser 22. Scaling of 
the laser control signal produced by the position 
Integrator 48 Is typically used to compensate for a 
deviation In acceleration from that defined relative 
to the major axis when the laser beam Is moved 
along both the X and Y axis. Scaling Is also used to 
produce cuts of var^ng constant depths. For in- 
stance, constant scaling funtions could be used to 
produce a first cut having a depth of two millime- 
ters and a second cut having a depth of four 
millimeters. Further, scaling is also used to dynam- 
ically vary the depth of cut or cut profile. Fdr 
example, scaling functions, like sine-waves and tri- 
angle waves, can be used to dynamically vary the 
depth of cut. 

With reference to Rgs. 2. 3A-3D and 4A-4D, 
the operation of the laser engraver 20 In producing 
a cut having a constant depth is now described. 
Initially, the computer 28 reads the required relative 
displacements of the laser beam 24 as specified in 
a set of two-dimensional coordinate Information 
provided by the input device 26. The computer 28 
compares the relathw displacement required along 



the X-axIs to the relative displacement required 
along the Y-axis to determine the mejor axis. If the 
relative displacement along the X-axis is greater 
than the relative displacement along the Y-axis 

5 then the X-axis is defined to be the major axis. The 
computer 28. following the detenmlnatlon of the X* 
axis as the major axis, proceeds to determine a 
reference position with respect to the X-axis. Since 
a constant depth of cut Is desired the computer 28 

70 defines the reference position as the mId-poInt of 
ttie required movement along the X-axis. For exam- 
ple, if the laser t>eam Is to be moved along the X- 
axis from a starting position having an absolute X- 
coordlnate of (1) to an ending position having an 

16 absolute X-coordlnate of (5) then the mid-point 
would be (3). Following tiie determination of tiie 
reference position tiie computer 28 communicates 
ttie reference position to tiie position integrator 4a 
The computer 28 ttien programs tiie encoder mul- 

20 tiplexer 50 such ttiat a communication path is es- 
tablished whereby tiie X-encoder 36a can commu- 
nicate the current position of the laser beam 24 
along the X-axis to the position integrator 48 during 
a movement of tiie laser beam 24 between a 

25 starting and target position. 

If. on the otiier hand, tiie relative displacement 
along the Y-axIs is greater than the relative dis- 
placement along tiie X-axIs ttien tiie Y-axis is de- 
fined to be the major axis. The computer 28 In this 

30 instance detennlnes and communicates a refer- 
ence position to ttie position Integrator 48 substan- 
tially In accordance wHh tiie procedure described 
hereinabove with respect to the X-axis. The com- 
puter 28 then programs tiie encoder multiplexer 50 

35 such that a communication path Is established 
whereby the Y-encoder 36b can communicate the 
current position of the laser beam 24 along tiie Y- 
axis to the position integrator during a movement of 
tiie laser beam 24 between a starting and target 

40 poslton Is established. 

If necessary, the computer 28 also provides 
the position integrator 48 witti infomnation regarding 
the maximum laser power, and tiie point In time at 
which tiie laser beam 24 attains its maximum 

45 speed. Moreover, If the laser beam 24 is to be 
moved In botfi the X and Y dimensions, tiie com- 
puter 28 provides the position Integrator 48 witii tiie 
a^ropriate scaling function to compensate for tiie 
previously mentioned deviation In acceleration. 

60 Once tiie computer 28 has accomplished tiie 
foregoing functions, it tiien loads tiie X-PID 34a 
and tiie Y-PID 34b witti tiie target positions along 
tiie X and Y axes, respectively, and initiates tiie 
linear movements. The computer 28 then waits for 

55 Intenrupts from tiie X-PlD 34a and tiie Y-PlD 34b 
which Indicate that the required movement along, 
respectively, the X and Y axes is complete. Once 
the movement is complete along both the X and Y 
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axes the computer 28 disables the laser 22 by 
resetting the output of the position Integrator 48 to 
zero. The computer then determines whether the 
pattern is complete. If the pattern Is not complete 
then the computer 28 proceeds to process the next 
data set in the pattern data. 

Rgures 3A-3D graphically Illustrate the relation- 
ship between the movement of the laser beam 24 
along the msjor axis from a starting position to a 
target position and the derivation of a laser control 
signal. Furthermore, Rgures 3A-3D Illustrate the 
situation where the distance between the starting 
and target po^ons Is sufficiently great enough fbr 
the the laser beam 24 beam to be brought up to a 
defined maximum speed as a result of the opera- 
tion of X-PID 34a and Y-PID 34b. The aforemen- 
tioned relationships will be discussed with respect 
to the time intervals To to Ti, Ti to T2. and Ts to 
T3. 

With respect to the period of time extending 
from To to Ti the velocity of the laser beam 24, as 
lllustratBd In Fig. 3A. gradually increases due to the 
operation of the PID assodatBd with the mc^r axis. 
Concomitantly, the laser beam 24 begins to move 
away from the starting position and toward the 
target position on the ma^or axis as shown in Rg. 
3B. As illustrated in Rg. 3C the error or difference 
between the cunrent position of the laser k)eam 24 
and the reference position, shown in Rg. 3B as the 
mid-point of the movement along the ma|or axis, is 
initially relatively large and then decreases as the 
cunent position of the laser beam 24 approaches 
tiie reference position. The integral of the error of 
difference during the To to Ti time frame, as 
produced by the position integrator 48. gradually 
increases as illustrated in Rg. 3D. The magnitude 
of the integral of the error is. in turn, used to pulse 
width modulate a laser control signal that defines 
the power of the laser beam 24. Consequently, 
during the interval extending from To to Ti the 
position Integralor 48 incfeases the power of the 
laser as the speed of the laser beam 24 increases 
thereby produdng a cut of constant depth. 

With respect to the inten/al of time extending 
from from Ti to T2 the laser beam 24 is moving at 
a substantially constant, maximum velocity as illus- 
trated in Rg. 3A. Since the laser beam 24 is 
moving at a constant velocity a cut of constant 
depth IS produced by maintaining the laser control 
signal and, hence, the power of the laser beam 24 
at the level established by the integral when the 
laser beam 24 attained its maximum velocity, l.e. 
time Ti. Furthermore, the current position of the 
laser beam 24 approaches and then passes 
through tfie reference position, i.e. the point at 
which the error or difference is zero, as illustrated 
in Rgs. 3B and 3C. The integral of the difference 
between tiie cunrent position of tiie laser beam 24 



and tiie reference position increases while the laser 
beam 24 is approaching the reference position and 
tiien begins to decrease as the laser beam 24 
passes the reference position as shown in Rg. 30. 

6 WItii respect to tite period of time extending 
from T2 to T3 the velocity of the laser beam 24 
gradually decreases, as illustrated in Rg. 3A. due 
to tiie operation of tiie PID associated with the 
mejor axis. As illustrated In Rg. 38, tiie laser beam 

10 24 continues to approach the target position on the 
major a)ds. The error or difference between tiie the 
cunent position of tiie laser beam 24 and the 
reference position during tills intenml increases 
(negatively) as the cunrent position of the laser 

15 beam 24 approaches tiie target position. As a con- 
sequence tiiereof tiie integral of tiie error or dif- 
ference between tiie current position of tiie laser 
beam 24 and the reference position, as produced 
by the position integrator 48. gradually decreases. 

20 Consequentiy. during tiie interval extending from 
T2 to Ta the position integrator 48 decreases the 
power of the laser beam 24 as the speed of the 
laser beam 24 decreases tiieraby produdng a cut 
of constant depth. 

25 Rgures 4Ar4D illustrate the pulse width modu- 
lated laser control signal at, respectively, points 52. 
54. 56 and 58 of tiie integral signal iltustrated in 
Rg. 3D. Witti reference to Rg. 4C. ttie pulse widtii 
modulated laser control signal Is at its maximum 

so level. As previously discussed the laser control 
signal is maintained at tiie maximum level through- 
out tiie period when tiie laser beam is being moved 
at a constant velocity, i.0., Ti to Tz. 

WItii reference to Rg. 5 an alternative embodi- 

S5 ment of the laser engraver 20 is illustrated. The 
alternative embodiment of the laser engraver 20 
implements proportional oontrol of the deptii of cut 
Proportional oontrol Is based upon absolute dif- 
ference between the current position of the laser 

40 beam 24 with respect to the major axis and a 
reference position. A position differentiator 60 is 
used to implement proportional control in tiie alter- 
native embodiment of the laser engraver 20. The 
rsmaining components in alternative embodiment 

45 of the laser engraver 20 correspond to, and hence 
are gh^en the same reference numbers, the compo- 
nents shown in Rg. 1. Furtiier, tiie computer 28 
provides tiie X-PID 34a and Y-PID 34b wtth In- 
formation tiiat defines tiie rate at which tiie speed 

60 of the laser t>eam 24 increases up to a defined 
maximum and the rate of deceleration. Concomi- 
tantiy, the computer 28 provides the position dif- 
ferentiator 60 witti information for controlling the 
power of the laser beam 24 sudi that maximum 

55 power is attained at the point in time when the 
laser beam 24 reaches Its maximum velocity. 
Moreover, the computer 28 provides the position 
differentiator 60 with a definition of the maximum 
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power of the laser beam 24 or selects a default 
value. The position differentiatDr 60 processes the 
Information provided by the computer In substan- 
tially the same fashion as the position Integrator 4B. 
The computer 28 also provides the position di^ 
ferentiator 60 with a scaling function, if necessary. 

With reference to Fig. 6, the operation of the 
alternative embodiment of the laser engraver 20 in 
producing a pat^ with a constant depth of cut is 
now described. Initially, the computer 28 reads the 
required relative displacements of the laser beam 
24 as specified In a set of two-dimensional coordi- 
nate infonnation provided by the Input device 26. 
The computer 28 compares the relative (jPspiace- 
ment required along the X-axls to the relattve die- 
placement required along the Y-axis to detenmlne 
the major axis. If the relative displacement along 
the X-axis is greater than the relative displacement 
along the Y-axis then the X-axis Is the mejor axis. 
The computer 28. following the determination of 
the X-axis as the major axis, proceeds to determine 
the starting position* the mid-point position and the 
target position with respect to the X-axis. Using the 
starting position as the reference position until the 
mld-pdnt Is reached and the target position there- 
after results In a laser control signal that produces 
a constant depth of cut Initially, the computer 28 
establishes the reference position to be tiie starting 
position wttii respect to tt)e major axis. The com- 
puter 28 then programs the encoder multiplexer 50 
such that a communication path Is established 
whereby the X-encoder 36a can communicate the 
cunnent position of tiie laser beam 24 along ttie X- 
axis to the position dtfTerentiaftor 60 during a move- 
ment of tiie laser beam 24 between a starting and 
target position. 

If necessary, the computer 28 also provides 
tiie position integrator 48 with information concern- 
ing the maximum laser power and the point In time 
at which the laser beam 24 attains its maximum 
speed. In addition, the computer 28 provides the 
position differentiatDr 60 witti tiie appropriate scal- 
ing function if tiie laser beam 24 Is to be moved 
along botii the X and Y axes. 

If, on the other hand, the relative displacement 
along the Y-axIs is greater than the relative dis- 
placement along tiie X-axis then the Y-axIs Is tiie 
msjor axis. The computer 28 in this Instance detor- 
mlnes the starting position, mid-point position and 
target position witii respect to the Y-axIs. Initially, 
the computer 28 establishes starting position with 
respect to tiie major axis as the reference position. 
The computer 28 then programs the encoder mul- 
tiplexer 50 such that a communication path Is es- 
tablished whereby the Y-encoder 36b can commu- 
nicato the current position of the laser beam 24 
along the Y-axis to tiie position differentiator 60 
during a movement of the laser beam 24 between 



a starting and target position. 

Once the computer 28 has communicated the 
reference position, l.e. the starting position, to tiie 
position intogrator 48 and established a commu- 

5 nication patti between appropriate encoder and tiie 
position differentiator 60 tiie computer 28 tfien 
loads tiie X-PID 34a and tiie Y-PID 34b wltti tiie 
target positions along tiie X and Y axes, respec- 
tively, and inltiatos the linear movements. The 

10 computer 28 then waits tor an Interrupt from tiie 
position differentiator 60 which Indicatos ttiat tiie 
mid-point along the mstfor axis has been reached. If 
the laser beam 24 has reached or passed tiirough 
the mid-point of the movement along the matfor 

fs axis then tiie computer 28 establishes tiie target 
position witti respect to tiie mcdor axis as tiie 
reference point The computer 28 then waits for 
intenrupts from tiie X-PID 34a and tiie Y-PID 34b 
which indicate that tiie reqdred movement along, 

20 respectively, the X and Y axes is complete. Once 
tiie movement Is complete the computer 28 dis- 
ables tiie laser 22 by resetting the output of the 
position integrator 48 to lero. The computer ttien 
detomnines whetfier the pattem la oompieta if ttie 

26 pattern is not complete then the computer 28 pro- 
ceeds to process the next date set 

Figures 7A-7C graphically Illustrates tiie rela- 
tionship between ttie movement of ttie laser beam 
24 along ttie major axis from a starting iDo^tion to a 

30 target position and the derivation of a laser control 
signal. Furthermore, Rgures 7A-7C Illustrate ttie 
situation where the distance k)etween the starting 
and target positions is sufficientty great enough for 
ttie ttie laser beam 24 beam to be brought up to a 

35 defined maximum speed as a result of the opera- 
tion of tiie X-PID 34a and Y-PID 34B. The afore- 
mentioned relationships will be discussed witti re- 
spect to ttie time Intervals To to Ti, Ti to Ta, Ta to 
Ts. 

40 With respect to the period of time extending 
from To to Ti the velocity of ttie laser beam 24. as 
illustrated In Rg. 7A, gradually increases due to tiie 
operation of the PiD associated witti ttie mejor axis. 
Concomitantiy, the laser beam 24 begins to move 

45 away from the starting position and toward the 
target position on the major axis as shown in Fig. 
7B. The error or dlfforence between the the current 
position of the laser beam 24 and the reference 
position, which Is ttie starting position at tills time, 

60 gradually Increases as the laser beam moves away 
from ttie starting position as illustrated in Rg. 7C. 
The absolute magnitude of ttie error is used to 
pulse widtii modulate a laser control signal tiiat, In 
turn, defines the power of the laser beam 24. 

65 Consequentiy. during the interval extending from 
To to Ti the position differentiator 60 increases the 
power of ttie laser as ttie speed of the laser beam 
24 increases thereby producing a cut of constant 
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depth. 

With respect to the Interval from Ti to T2 the 
laser beam 24 is moving at a substantially constant 
velocity as illustrated in Rg. 7A. Since the laser 
beam 24 is moving at a constant velocity a cut of s 
constant depth is produced by maintaining the la- 
ser control ^gnal and. hence, the power of the 
laser beam 24 at the level established by the 
integral when the laser beam 24 attained its maxi- 
mum velocity. I.e. time Ti. Furthennore, as the 10 
laser beam 24 approaches the mid-point of the 
movement along the m^|or axis the error or dif- 
ference between the current position and the refer- 
ence position. 1^. the starting position, continues to 
Increase as shown in Figs. 7A and 7B. Once the is 
cun^nt position of the laser beam 24 oonresponds 
to the mid-point the computer 28 establishes the 
target position as the reference position. With the 
target position as the reference position the enror, 
as illustrated in Rg. 7C, becomes relatively large 20 
and proceeds to decrease as the laser beam 24 
proceeds toward the target position. 

WHh respect to the period of time extending 
from T2 to Ta the velocity of the laser beam 24 
gradually decreases due to the operation of the 2S 
PID assMxIated with the major axis and the laser 
beam 24 continues to approach the target position 
on the mi4or axis as illustrated In Rgs. 7A and 7B. 
The error or difference between the ttie cunent 
position of the laser beam 24 and the reference so 
position, i.e. the target position, decreases as the 
cunrent position of the laser beam 24 approaches 
the target position. Consequentiy. during the inter- 
val extending from T2 to Tz the position differen- 
tiator 60 decreases the power of the laser beam 24 ss 
as the speed of the laser t)eam 24 decreases 
theratyy producing a cut of constant depth. 

Rgures 6A-D Illustrate the modulation of the 
laser control signal by a scaling function to pro- 
duce a cut profile that starts out shallow and be- 40 
comes progresshfely deeper. Speclflcaily. Rg. 8A 
illustrates the pulse widtii modulated laser control 
signal produced by e'rther the position Integrator 48 
or position differentiator 60 when tfie laser bean 24 
is being moved at tiie defined maximum velocity 45 
and a constant depth of cut is desired. Rgura 8B 
illustrates the triangularly shaped scaling function 
that defines the desired cut profile. With reference 
to Rg. 8C. the position Integrator 48 or position 
differentiator 60 outputs a pulse width modulated so 
laser control signal where tiie v^dth of the pulses 
vary in accordance with the triangularly shaped 
scaling function. In response to the pulse width 
modulated laser control signal, and with reference 
to Rg. 8D, the laser 22 controls the power of tiie 55 
laser beam 24 such tiiat a cut Is produced In a 
workplace that is initially shallow and becomes 
progressively deeper In accordance wltti the de- 



fined scaling function. 

The foregoing description of the invention has 
been presented for purposes of lllusti^tion and 
description. Further, ttie description is not intended 
to limit the invention to the form disclosed therein. 
Consequentiy. variations and modifications com- 
mensurate with the above teachings, and sidll or 
knowledge In the relevant art are within tiie scope 
of the present invention. The preferred embodiment 
described hereinabove Is further intended to ex- 
plain the best mode known of practicing the inven- 
tion and to enable others skilled in the art to utifize 
the invention in various embodiments and vritii the 
various modifications required by their particular 
applications or uses of the invention. It is intended 
that the appended claims be construed to include 
alternative embodiments to tiie extent permitted by 
the prior art 



Claims 

1. An apparatus for engraving a wortq^ieoe us- 
ing a radiation beam, comprising: 

means for providing a radiation beam to use in 
engraving the workpiece; 

means for producing a target position for the radi- 
ation beam; 

means for producing a cunrent position of the radi- 
ation beam; 

means, responsive to said target position and said 
current position of said radiation beam, for generat- 
ing a control signal! arxi 

means, responsive to said control tignal, for mov- 
ing said radiation beam from said cunrent position 
to said target position wherein said means for pro- 
ducing a cunent position is operatively connected 
to said means for moving. 

2. An apparatus, as claimed in Claim 1. 
wherein: 

said means for generating a control signal includes 
a proporttonalHntegraKdlfferential control means. 

3. An apparatus, as claimed in Claim 1. further 

including: 

means for controlling the power of said radiation 
beam to control ttie amount of material removed 
from the workpiece. 

4. An apparatus, as claimed in Claim 3. 
wherein: 

said means for controlling Includes means for de- 
termining a ref^ence position. 

5. An apparatus, as claimed In Claim 4, 
wherein: 

said means for controlfing includes means for de- 
termining the difference between said cunrent posi- 
tion and said reference position, wherein said dif- 
ference Is a defined value when said current posi- 
tion of said radiation beam Is at a predetennined 
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location relative to said reference position. 

6. A method for engraving a workplace using a 
radiation bBsm, comprising: 

positioning the workplace to be engraved in a suit- 
able bcation relative to the radiation beam; 
producing a target position for the radiation beam; 
using encoder means, operatively attached to a 
means for moving the radiation beam, to detenmine 
the current position of the radiation beam; 
generating a control signal using said target posi- 
tion and said cmmX position; and 
moving said radiation beam using said control dg- 
nal. 

7. A method, as claimed in Claim 6. further 

including: 

controlling the power of said radiation beam to 
control the amount of material removed firom the 
workpiece. 

8. A method, as claimed In Claim 7, wherein: 
said step of controlling the power of said radiation 
beam Includes determining a reference position. 

9. A method, as claimed in Claim 8, wherein: 
said step of controlling the power of said radiatton 
beam Includes determining the difference between 
said current position of said radiation beam and 
said reference position, wherein said difference is a 
defined value when said current position of said 
radiation beam Is at a predetermined location rela- 
tive to said reference position. 

10. A method for engraving a workpiece using 
a radiation beam, comprising: 

positioning the workpiece to be engraved in a sul^ 
able kDcatton relative to ttie radiation beam; 
inputting Information conespondlng to a pattern to 
be engraved on the workpiece; 
engraving the workpiece by movement of the radi- 
ation beam relative to the workpiece in first and 
second directions at the same time; 
monitoring outputs of encoders associated with 
motors used in causing the relative movement; and 
detennlning subsequent magnttodes of relative 
movement using outputs of said encoders. 

11. An apparatus for engraving a workpiece 
using a radiation beam, comprising: 

means for providing a radiation beam to use In 
engraving the workpiece; 

first means for Hneariy moving said radiation beam 
relative to the workpiece in a first direction, said 
first means Including a first mirror for use in direct- 
ing sakl radiation beam in saki first direction; and 
second means for linearly moving said radiation 
beam relative to the workpiece In a second direc- 
tion different from sdd first direction, said second 
means having a second mlnror for use in directing 
s^d radiation beam in said second direction, 
wherein said first means and said second means 
can operate at the same time. 

12. An apparatus, as claimed in daim 11, fur- 



ther including: 

means for controlling the power of said radiation 
beam to control the amount of material removed 
from tiie workpiece. 
6 13. An apparatus, as claimed in Claim 12, 
wherein: 

said means for controlling Includes means for de- 
tennining a reference position. 

14. An apparatus, as claimed In daim 13. 
10 wherein: 

said means for controlling includes means for de- 
tonninlng the difference between said current posi- 
tion and said reference position, wherein said dif- 
ference is a defined value when said current posi- 
16 tion of said radiation beam is at a defined focaUon 
relative to said reference position. 

15. A metiiod for engraving a workpiece using 
a radiation beam, comprising: 

providing a radiation beam to use in engraving the 

ao workpiece; 

positioning tiie workpiece to be engraved In a suit- 
able location relative to the radiation beam; 
Inputting information defining the target position of 
the radiation beam In a first direction; 

26 inputting intonnation defining the target position of 
the radiation beam In a second direction; 
using a first mirror to linearly move the radiation 
beam to said target position in said first direction; 
and 

30 using a second mirror to linearly move the radiation 
beam to said target position in said second direc- 
tion. 

16. A method, as claimed In 15, wherein: 

said stop of using a first mlnror and said stop of 
55 using a second mirror occur simuttaneously. 

17. An apparatus for engraving a workpiece 
using a radiation beam, comprising: 

means for providing a radiation beam to engrave 
the workpiece along a path having a starting posl- 

40 tion and a target position: 

means for moving said radiation beam from said 
starting position to said target position; 
means for detomilning a reference position; 
means for sensing the current position of said 

45 radiation beam along said path; and 

means for controlling tiie amount of material re- 
moved by said radiation beam when moving atong 
said path by controinng the power of said radiation 
beam, said means for controiling using the dif- 

so ference between said current position and said 
reference position, wherein the difference is a de- 
fined value when the current position of sak) radi- 
ation beam is at a defined location relative to said 
reference position. 

65 18. An apparatus, as claimed In Claim 17, 
wherein said radiation beam means includes a la- 
ser. 

19. An apparatus, as claimed in Claim 17, 
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wherein said reference position includes a position 
along said path. 

20. An apparatus, as claimed in Claim 17, 
wherein said reference position inciudes the mid* 
point of said path* 

21. An apparatus, as claimed in Claim 17. 
wherein: 

said reference position Includes said starting posi- 
tion of said path for a first portion of the movement 
of said radiation beam along said path and said 
target position during a second portion of the 
movement of said radiation beam along said path. 

22. An apparatus, as claimed in Claim 17, 
wherein: 

said means for sensing the current position of said 
radiation beam includes encoder means. 

23. An apparatus, as claimed in Claim 17, 
wherein: 

said means for controlling the power of said radi* 
ation t)eam includes an integrator for summing 
differences between ssdd current position of said 
radiation beam and said reference position during 
movement of said radiation beam from said starting 
position to said target position. 

24. An apparatus, as claimed In Claim 17, 
wherein: 

said means for controlfing. the power of said radi- 
ation beam includes proportional means for using 
the absolute difference t)etween the cunrent posi- 
tion of said radiation beam and said reference 
position during movement of said radiation beam 
from said starting position to said target position. 

25. An apparatus, as dedmed In Claim 17. 
wherein: 

said means for controlling the power of said radi- 
ation beam is responsive to a scaGng function. 

26. A metiiod for engraving a woricpieoe using 
a radiation beam, comprising: 

providing a radiation beam means for generating a 
radiation beam to engrave the vrarlcpiece; 
determining a path on tiie worlcplece for engraving 
by said radiation beam, said p^ having a starting 
position and a target position: 
determining a reference position; 
directing said radiation beam along said path from 
said starting poMt to ssU target position; 
dstennining the cunrent position of said radiation 
beam during said step of directing; and 
controlling the amount of materia removed by said 
radiation beam during said step of directing by 
controlling the power of said radiation beam, said 
step of controlling using tiie difference between tite 
current position of said beam along said path and 
said reference position, wherein the difference is a 
defined value when the current position of tiie 
radiation beam is at a defined location relative to 
the reference position. 

27. A method, as claimed in Claim 26, wherein: 



said step of determining said reference position 
inciudes detennlnlng said reference position to In* 
elude a point along sidd path. 

2a A metiiod, as claimed in Claim 26, wherein: 
6 scdd step of determining said reference position 
Includes defining said reference position te Include 
the mid-point of said patii. 

29. A metiiod, as claimed in Claim 26, wherein: 
said step of determining said reference position 

10 inciudes detenmining said reference position to In- 
clude said starting position of said patii for a first 
portion of the movement of said radiation beam 
along said path and said target position during a 
second portion of the movement of said radiation 

76 beam along said patii. 

30. A metiiod. as claimed In Claim 26, wherein: 
said step of controlling tiie power of said radiation 
beam Includes summing differences between said 
current position of said radiation and said reference 

20 position during movement of said radiation beam 
from said starting position to ^d target position. 

31. A metiiod, as claimed In Claim 26. wherein: 
said step of controlling the power of said radiation 
beam includes using tiie difference between the 

28 current position of sa'd radiation beam and s^d 
reference poMon during movement of said radi- 
ation beam from said starting position to said target 
position. 

32. A metiiod. as claimed In Claim 26, wherein: 
30 said step of controlling the power of ssud radiation 

beam includes using a scaling function. 

33. An apparatus for engraving a workplace 
using a radiation beam, comprising: 

means for determining a patfi to engrave on tiie 
S5 workpiece, said patii having a starting position and 
a target position, said starting position being de- 
fined by a starting first coordinate information and 
a starting second coordinate infbmnation, said tar- 
get position being detenmined by a target first 
40 coordination Infomriation and a target second co- 
ordinate information; 

means for providing a radiation beam to use in 

engraving the workplace along said patii; 

means for detenmining a current position of said 

45 radiation beam, said cunent position being defined 
by a cunent first coordinate information and a 
cunent second coordinate information; 
means for moving said radiation beam ^ng a first 
axis using said cunent and target first coordinate 

60 Information, and along a second axis using said 
current and target second coordinate information; 
means for selecting a reference position relative to 
a major axis, wherein said major axis is the greater 
of the following: the absolute difference between 

55 said starting first coordinate Intormation and said 
target first coordinate Infonnation, and tiie absoluto 
difference between said starting second coordinate 
infonmation and said target second coordinate in- 
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formation; and 

means for controlling the amount of material re- 
moved by said radiation beam when moving along 
said path by controlling the power of said radiation 
beam, said means for controlling using the dif- 
ference between said cun^nt position and said 
reference position relative to said major axis, 
wherein the difference Is a defined value when the 
current position of said radiation beam Is at a 
defined location relative to said reference position. 

34. An apparatus, as claimed In Claim 33, 
wherein: 

said reference position includes the mid-point of 
said path relative to said mejor axis. 

35. An apparatus, as claimed in Claim 33, 
wherein: 

said reference position Includes said starting posi- 
tion of said path relative to said major axis for a 
first portion of the movement between said starting 
and target positions, and said target position of 
said path relative to said major axis for a second 
portion of the movement between said starting and 
target po^ons. 

36. An apparatus, as claimed in CIdm 33. 
wherein: 

said means for controlling the power of scad radi- 
ation beam Includes an integrator for summing 
differences between said cunrent position of said 
radiation beam and said reference position relative 
to said major axis during movement of said radi- 
ation beam from said starting position to said target 
position. 

37. An apparatus, as claimed in Claim 33, 
wherein: 

said means for controlling the power of said radi- 
ation beam includes proportional means for using 
the absolute difference between the cunrent posi- 
tion of said radiation beam and said reference 
position relative to said major axis during move- 
ment of said radiation beam from said starting 
position to said target position. 

38. An apparatus for engraving a workplace 
using a radiation beam, comprldng: 

means for providing a radiation kieam to engrave 
the workplece along a path having a starting posi- 
tion and a target position; 
means fbr detemiining a scaling function; 
means for moving said radiation beam from said 
starting position to said target position; and 
means for controlling the amount of material re- 
moved by said radiation t>eam when moving along 
said path by controlling the power of said radiation 
beam, said means for controlfing using said scaling 
function. 

39. A method for engraving a workplace using 
a radiation beam, comprising: 

providing a radiation beam means for generating a 
radiation beam to engrave the workplece; 



determining a path on the workplece for engraving 
by said radiation beam, eald path having a starting 
position and a target position; 
determining a scaling function; 

5 directing said radiation beam along saM path from 
said starting point to said target positton; and 
controlling the amount of material removed by said 
radiation beam during said step of directing by 
controlling the power of said radiation beam, said 

10 step of controlling using said scaiing function. 

40. An apparatus fbr engraving a workplece 
using a laser beam, comprising: 
means for determining a path to engrave on the . 
workpieoe, said path having a starting position and 

T5 an target position, said starting position being de- 
fined by a starting X-coordinate and a starting Y- 
coordlnate, said target position being defined by an 
target X-coordinate and an target Y-coordlnato; 
a laser fbr providing a laser beam to use In engrav- 

20 Ing the workplece along said path; 

means for moving said laser beam along a X-axis 
from said starting X-coordinate to said target X- 
coordlnate, comprising: 

X-encoder means for determining the current X- 

26 position; 

X-proportional-integrai-differentiat means, respon- 
sive to said cunrent X-posttion and s^d target X- 
coordinate, for generating a X-controi signal; 
X-motor means, responsive to saki X-control signal, 

30 for moving a canlage having operatlvely connected 
thereto a X-minw means fbr use in directing said 
laser beam to the workplece; 
means for moving said laser beam atong a Y-axIs 
from said starting Y-coordinate to said target Y- 

35 coordinate, compridng: 

Y-encoder means for determining the current Y- 
posltton; 

Y-proportional-lntegral-differential means, respon- 
sive to said current Y-position and said target Y 

40 coordinate, for generating a Y-control signal; 

Y-motor means, responsive to said Y-controI signal 
for moving a canlage having operatively connected 
thereto a Y-mlnnor means fbr directing said laser 
beam to ttie workplece; 

45 means fbr defining a reference position ttial in- 
cludes tiie mid-point of said path relative to a major 
axis, said major axis being determined by the 
greater of ttie absolute differences between saM 
starting and target X-coorcfinates, and said starting 

60 and target Y-coordlnates; 

means for selecting ti^ current position of said 
laser beam atong said medor axis from at least one 
of tiie foltowing: said X-enooder means and said Y- 
encoder means; 

65 means for controlling the amount of material re- 
moved from tiie workplece by controlling tiie power 
of tiie laser beam, saM means fbr contrblling using 
a difference between said reference position and 
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said current position relative to said me^or axis 
during the movement of said laser t^eam along said 
patti. wherein said difference is a defined value 
when the cunrent position of said laser i3eam laser 
con^onds to said reference position. 5 
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